Background: Little research focuses on the influence of lifetime residential mobility on health at midlife. We used a national survey of participant recall of residential mobility to assess this issue and explore the mediating and moderating effects of personal and environmental context. Methods: In March 2010, we collected data from people in Taiwan aged 40 to 60 years. Based on the household registration system, data were collected using the population proportional-to-size sampling method and a computerassisted telephone interview. A total of 2834 participants completed the interview. Based on the 3490 registered households, the overall response rate was 81.2%. Results: The mean cumulative frequency of geographic relocation (CFGR) was 3.06 ± 2.78 times and ranged from 0 to 21. After carefully adjusting for the heterogeneity of demographic and socioeconomic propensity, total CFGR was significantly positively associated with negative self-rated mental (odds ratio [OR] and 95% CI for increase per time: 1.06, 1.02-1.16) and physical (OR and 95% CI for increase per time: 1.16, 1.05-1.26) health. Social network support lessened the impact of total CFGR on self-rated mental health. In addition to the primary effect, the interaction (residential environmental satisfaction × total CFGR) significantly moderated negative mental health and negative physical health. Conclusions: Lifetime residential mobility history independently influenced midlife health. Social network support and satisfaction with the residential environment in past and current living places further mediated or moderated midlife health. Findings from these different perspectives offer insights for future medical care projects and epidemiologic studies.
INTRODUCTION
Residential mobility during a person's life involves multiple interactions between this individual and the social environment and can result in a lasting impact.
1,2 As compared with other events in a person's life, residential mobility is unique as it is not entirely negative and can be related to numerous other contextual factors, such as social network support and environmental issues. 3, 4 Demographers have noted that the long-and short-term psychological and physical effects of moving are related to interactions between the above contextual factors and the socioeconomic characteristics of the individual before and after geographic relocation. 5 Several prior studies have shown that early childhood experiences of mobility are related to academic performance, risky behaviors, and personality development, which might be due to the influence of frequent relocation on factors such as the stability of family structure, constancy of environment, development of interpersonal relationships, and access to health services. [6] [7] [8] [9] [10] Many experts believe that geographic relocation is closely correlated with the accumulation of social network support within the framework of personal development. 11, 12 In addition to childhood, geographic relocation can also be a major life event in adolescence and adulthood. attainment or new employment opportunities as reasons for geographic relocation.
Life-course epidemiology focuses on the development of risk and elaboration of the interpretation of the healthenvironment association. 1, 15, 16 As such, environmental measurements are crucial to life-course studies because an individual's environment might moderate, or even mediate, the effects of biological risks. [17] [18] [19] [20] Frequent geographic relocation in conjunction with different spatial characteristics, neighborhood disorders, and associated conditions can also have interactive effects on people's psychosocial conditions. More specifically, several theoretical models have emphasized the importance of post-relocation adaption to a new environment. 3, 4, 17 For example, mobility experience theory and the hypothesis regarding history of previous relocation have shown that mobility is not simply an event with specific outcomes, but a set of social and environmental experiences that, when combined, result in successful or unsuccessful adaption to a new environment. 3, 17 These theorists argue that the effects of residential mobility can be moderated by the history of previous migrations or post-relocation adaption 4, 17 and that it is the "fit" between the person and the residential environment that is important. 18 Numerous population studies have investigated the developmental impact of early mobility experiences on young adolescents; however, few studies have investigated possible changes in health at midlife due to moving during different stages of life. On the basis of previous research, we hypothesize that the overall impact of residential instability gradually limits one's life-course, depending on the number and/or duration of exposures. Over many years, Taiwan has undergone major changes in social environment, and it and other societies have become increasingly mobile. According to publications by the Directorate-General of Budget, Accounting and Statistics, Taiwan, the mobility rate for this decade is between 6% and 10%, and the annual number of migrants to Taiwan ranges from 1.4 to 2.3 million. 21 Therefore, this research used national surveys of participant residential mobility experiences to investigate the impact of life-course residential mobility history on midlife health and assess the mediating and moderating roles of personal and environmental context on middle-aged people who have experienced frequent geographic relocation.
METHODS

Study population
Data for this study were collected from March through May 2010. The sampling framework for people aged 40 to 60 years was obtained from the household registration system of Taiwan. To obtain a representative sample, we used a 2-phase randomized sampling procedure. In phase 1, the sample size was estimated based on an assumed prevalence (P ≈ 10% to 15%) of mobility, which was based on the results of earlier surveys in Taiwan. 21 Additional parameters considered in estimating sample size were type I error (α = 0.05) and type II error (β = 0.2), and we determined that a sample size of at least 400 subjects was required from each sampling unit. 22 Because Taiwan has 25 administrative divisions for the household registration system, this study divided the 25 administrative divisions into 7 sampling areas (north, northcentral, central, south-central, south, northeast, and east), which provided a total sample size of 2800 (400 × 7 = 2800). During the next phase, subjects from each administrative division of the various sampling areas were selected using the population proportional-to-size method, which is designed to yield self-weighting and gives every eligible subject an equal chance of being selected. Finally, 2834 research participants completed the interview. The overall response rate was 81.2% based on the target representative surveys of 3490 by the household registration. Ethical approval was obtained from the institutional review board of the Department of Nursing, National Taipei College of Nursing (ID: 98A211).
Outcome variable and information on geographic relocation
We developed the questionnaire based on a literature review and in consultation with experts on geographic relocation. The questionnaire, which was assessed using content validity, was peer reviewed by 5 experts (3 specialists in epidemiology/ public health with doctoral degrees and 1 expert each in demography and sociology) to assess the correlation between the objective of the study and the content and questions. The dependent variables were 2 dimensions of subjective health status: self-rated mental and physical health. The single-item, global measure of self-rated health has been reported to be a useful tool for charting health status and a good proxy evaluation of overall health changes in adults. 23, 24 Therefore, respondents were asked to rate their present mental and physical health as either very poor, poor, fair, good, or excellent. Negative mental and physical health scores were defined as a response of very poor or poor. The primary independent variable of interest in the analyses was cumulative frequency of geographic relocation (CFGR). 6 For the convenience of participants, we adopted a strict definition of geographic relocation. During the interview process, the question was as follows: "We would like to know the conditions of residential mobility since childhood." By this we meant a residence longer than 6 months before and after moving, excluding international migration. To assist recall of residential mobility, participants were questioned about relocations during different stages of their lives. The stages were: before age 7, between 7 and 12 (elementary school), between 13 and 17, from 18 to the present, and within the last 5 years (eg, "Do you remember how many times you relocated between 13 and 17 years of age, while you were in junior high school and senior high school, and lived for more than 6 months before and after moving?"). The content validity of individual items on the scales (I-CVI) was rated (range 0.84-1.00), which is the minimum acceptable criteria corresponding to adequate content validity. A computerassisted telephone interview (CATI) was then conducted to collect data. 25 CATI technology permitted us to combine standardized call-back procedures, computer-controlled skip patterns, and data cleaning into a single operation, thereby bypassing the traditional paper-and-pencil coding and data entry procedures. All interviews were conducted by trained interviewers who could speak the major ethnic languages.
Other study parameters
The support provided by social networks was defined using 2 measures: positive relationships with friends and positive relationships with extended family. 12 The questions were: "How much does your family truly care about you and understand the way you feel?" and "How much can you rely on your friends for help if you have a serious problem or if you need to talk about your concerns?". Scores ranged from 1 (not at all) to 4 (a lot). The notion of satisfaction with residential environment in this study was defined as the attitude of a resident (or household) towards the living environment. 26 Measures of the level of satisfaction with residential environment included: (a) How satisfied are you with your overall past living place? (b) How satisfied are you with your present living place? Scores ranged from 1 (very dissatisfied) to 4 (very satisfied) and were coded as poor (for very dissatisfied/dissatisfied) and good (for satisfied/very satisfied). To compare levels of residential environmental satisfaction in past and current living places, the responses to the above 2 measures were then cross-classified as from poor to poor, from good to poor, from poor to good, and from good to good.
Demographic factors (age, sex, marital status, and employment), socioeconomic status (level of educational attainment and household income), and other background characteristics were assessed to evaluate potential conflicting effects. For employment, occupation was categorized as: (1) workers in agriculture, forestry, fishing, or animal husbandry, (2) unemployed individuals not seeking work, (3) unemployed individuals seeking work, (4) retired/disabled, (5) technicians and related occupations, (6) non-technicians and laborers, (7) administrative staff or service workers, (8) unpaid family workers, and (9) professionals.
Analytic approach and statistical analysis
The Figure ( adapted from Kuh et al) shows the schematic framework for the different patterns of risk exploration used in this study. 15, 16 First, CFGR during various life stages is hypothesized to have independent effects on the mental and physical health of middle-aged adults. Second, a clustering of risks is further examined, and the impact of total CFGR is hypothesized to be mediated or moderated by later exposures, such as various personal characteristics, level of social support, and residential environmental satisfaction. Data are summarized as the mean ± standard deviation for continuous variables and as proportions for categorical variables. Regarding variation, the median CFGR and interquartile range (IQR) are presented. Interrelationships of midlife health with CFGR and the characteristics of the study population were examined by using the t test with unequal variance and the chi-square test. From this point, total CFGR was used to illustrate the overall relationship, and the 3 CFGR categories included in the categorical comparisons were used to make detailed inferences regarding the life-course effects of residential mobility. Multiple logistic regression was used to analyze the contribution of personal context and satisfaction with the environment to the relationship between history of residential mobility and midlife health. The analysis and modeling strategies comprised 3 steps. In adjusted model 1, CFGR was treated as the major independent variable and was adjusted for demographics and socioeconomic status for possible confounding effects. Due to the degree of interrelationships among the various demographic characteristics, we used propensity scores for the adjustment. 27 This method uses a weighted analysis that directly compares the means marginalized over the confounders to yield unbiased estimates of the residential parameters. Each respondent is assigned a weight (W i ) equal to the inverse of the propensity score for residential mobility (X i ) according to their demographic characteristics (Z i ), for example,
In steps 2 and 3 (adjusted models 2 and 3), the independent effect of total CFGR was further challenged by adding the level of social network support and satisfaction with residential environment. In these steps, the possible interactions of total CFGR with social network support and satisfaction with residential environment were also examined. The above statistical analyses were conducted using SPSS version 18 (SPSS, Inc., Chicago, IL, USA).
RESULTS
This study enrolled 2834 respondents: 1409 men and 1425 women. The mean frequency of CFGR was 3.06 ± 2.78 times, the median was 2 (IQR 3), and the range was 0 to 21. Table 1 shows the associations between relocation frequency during the life stages of the participants and the study variables, ie, demographics, socioeconomic status, social support, and environmental satisfaction. Univariate analyses indicated that the mobility histories of middle-aged adults were heterogeneous with regard to demographic and socioeconomic propensity. Additionally, the results in Table 1 show that the level of self-perceived social network support and environmental satisfaction in past and current living places were significantly associated with mobility history. Table 2 shows the interrelationships of midlife health with cumulative CFGR and the characteristics of the study population. The total CFGR for participants with poor self-rated mental health was 3.63 ± 3.49, as compared with 2.85 ± 2.68 among subjects with good self-rated mental health. Similarly, the total CFGR was 3.66 ± 3.47 among subjects with poor self-rated physical health and 2.84 ± 2.65 among subjects with good self-rated physical health. The results indicate that a higher CFGR during any life stage (particularly before age 18 and within the last 5 years) was associated with a higher rate of poor midlife health. Approximately 18% of participants who had moved more than 3 times before age 18 had poor self-rated health. During the period from age 18 to 5 years ago, around 15% of participants who had moved more than 3 times had poor self-rated health. However, at this stage, respondents with a CFGR of 1 to 2 had the highest proportion of good self-rated health. Additionally, regarding moves during the most recent 5 years, we found that around 15% of participants who had moved at least once had poor self-rated health. However, the rate of poor midlife health was also significantly positively correlated with educational level, marital status, household income, employment profile, poor social network support, and worsening satisfaction with residential environment (ie, transition from "poor to poor" or "good to poor" between past and current living places). Tables 3 and 4 show the results of multiple logistic regression analysis of self-rated negative mental and physical health at midlife, respectively. First, the results revealed that a higher CFGR before age 18 was significantly associated with negative self-rated mental and physical health. CFGR during the most recent 5 years was also significantly positively associated with self-rated mental and physical heath. In addition, after adjusting the propensity score, total mobility history remained significantly associated with negative selfrated mental and physical health. In the adjusted Model 3, the effects of social network support lessened the impact of total CFGR on self-rated mental health, but the effect on selfrated physical health was limited. In the adjusted Model 3, the impact of satisfaction with residential environment was further increased and examined. The results showed that worsening environmental satisfaction (from good to poor) was the most significant risk factor for poor midlife health. In addition to the main effect, 2 significant interactions were found after the interaction terms (residential environmental satisfaction × total CFGR) were introduced at this step. These significant interactions indicated that the effect of residential mobility history on midlife health was moderated by the level of environmental satisfaction regarding the past and current living places. More specifically, the results showed significant synergistic effects between worsening environmental satisfaction (from poor to poor) and total mobility on both negative mental and physical health (OR = 1.34 for mental health and OR = 1.24 for physical health). In contrast, significant antagonistic effects between improved environmental satisfaction (from poor to good) and total mobility on both negative mental and physical health (OR = 0.86 for mental health and OR = 0.87 for physical health) were observed.
DISCUSSION
After carefully adjusting for the heterogeneity of demographic and socioeconomic propensity, this study revealed an independent association between mobility history and selfrated health at midlife. Social support was a partial mediator that helped explain the persistent effects of mobility history on mental health. We also found that variation in satisfaction with residential environment in past and current living places significantly moderated the interrelationships between residential mobility history and self-rated health. Previous studies indicated that unstable living environments are associated with socioeconomic factors such as housing, unemployment, change in family structure, and single parenting, which, together with relocation, are significant coexisting determinants of health status. 2, [5] [6] [7] 12 Our study adds to the current literature and confirms that life-course residential mobility history, especially migration experiences before age 18 and during the most recent 5 years, have a long-or short-term effect on midlife self-rated health. It has been suggested that frequent moving is an indicator of greater family problems and can cause emotional stress during early life. 9, 10, 12, 28, 29 Previous studies of youth have shown increasingly negative effects with more relocation experiences. 13, 14 In addition, with regard to life-course transitions, mobility experiences from adolescence to adulthood might further reflect an individual's long-term residential stability context. This may subsequently interact at the levels of neighborhood, family, and individual in cumulative and compounding ways (development of social skills and health behaviors, access to health care, and sense of control over one's environment), with significant effects on adult health. [6] [7] [8] 12, 13, 17 Because social context during various life stages can affect health trajectories during life, the impact of frequent geographic relocation was hypothesized to begin in childhood and accumulate over one's life. 6, 12, 13 The findings of the present study support the hypothesis that more frequent geographic relocation throughout life adversely influences self-rated health and that this influence persists into midlife.
Nevertheless, we found no significant relationship when migration experience after age 18 to 5 years ago was included in the study model. Moreover, subjects with a moderate level of relocations during adulthood had the highest proportion of good self-rated health. These findings suggest that frequent relocation does not increase the risk of poor health in a straightforward manner. Higher CFGR among individuals with higher socioeconomic status responded (Table 2 ) may partially explain these associations. Therefore, the strength and direction of health effects due to relocation might vary by socioeconomic status and could be important factors in the late-life relocation process in the longitudinal trajectory of health.
The results showed that social support partially lessened the impact of total CFGR and migration experience before age 18 on self-rated mental health at midlife. Lu and colleagues proposed that the impact, and mediating pathways, of family separation due to residential mobility tend to have a immediate and detrimental effect on psychological and physical health. 30 This disruption to family life probably reduces the size and level of social support, which diminishes the emotional well-being of migrants. Chinese people have a tradition of fostering an extended family, and immediate relatives tend to live together or within a short distance; therefore, participants who experienced a higher frequency of relocation in early life may have experienced more variability in connections and more volatile relationships with relatives. Residential stability was also proven to increase people's connection to social and institutional networks, thereby providing them the opportunity to develop strong social and community ties. 13, 14, [31] [32] [33] [34] This study investigated the moderating role of environmental satisfaction on the relationship between residential mobility history and midlife health. The synergistic effects of worsening environmental satisfaction suggest that as postrelocation environmental satisfaction declines, the negative effects of frequent residential mobility, and its influence on the health of middle-aged adults, increase. Previous theories and empirical research have indicated that relocations caused by factors perceived as negative increase the difficulty of adjustment, while post-relocation adjustment is easier in relocations precipitated by factors perceived as positive (moving for a better job or for better housing and environment). 3, 4, 17, [35] [36] [37] [38] In contrast, the antagonistic effects of improved environmental satisfaction also suggest that when people have positive satisfaction with their residential environment, frequent geographic relocations may not be so harmful. Therefore, an increase in the probability of poor health in a moderated environment is either due to a decrease in satisfaction with the destination, relatively higher satisfaction with the previous location, or both. [39] [40] [41] These findings suggest that policies which focus only on the immediate relationship between residential mobility and health miss a significant moderator: change in satisfaction with the residential environment. Additionally, migrants who experience declining environmental satisfaction might require mental and physical health care. Further research on the social indicators (population density, median income, and crime rate) of declining environmental satisfaction is required to identify the moderating influence of location on the relationship between geographic relocation and mental/physical health.
Several limitations of this study, and promising directions for future research, warrant mention. Regarding the representative sample, the research participants recalled their residential mobility history; thus, recall bias was possible. However, we used a strict definition of mobility-residence in locations for longer than 6 months before and after relocation-which should have limited recall bias to significant mobility experiences. Additionally, relocation is a complex transition, and we have examined only a limited array of the participants' socioeconomic characteristics at midlife. An important component of adaptation that was not included in this analysis is change in socioeconomic status, which is associated with residential mobility and might have an important effect on self-rated health. 42 A more complete picture of changes in socioeconomic status during each life stage of relocation will emerge when such factors are integrated into the explanatory model, which will require further study. Moreover, the interview process also limited our ability to obtain more specific information on each life stage, such as medical care, the trajectories of positive and negative life events, and the development of psychological characteristics. Future research might produce explicit causal models by examining time-varying factors and the effects of various constructs of health status on lifetime residential mobility history. Finally, the study results were applied specifically to a midlife Chinese population; therefore, studies of other ethnic populations are necessary.
In summary, our findings suggest that lifetime residential mobility history is independently associated with midlife health. Social network support and satisfaction with the residential environment in past and current living places further mediate and moderate midlife health. From the different perspectives provided, the findings of this study offer insight for future projects on medical care and epidemiologic studies.
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